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Interspecies variations in lipophosphoglycan (LPG) have been the focus of intense study over the years
due its role in speciﬁcity during sand ﬂy-Leishmania interaction. This cell surface glycoconjugate is highly
polymorphic among species with variations in sugars that branch off the conserved Gal(b1,4)Man(a1)-
PO4 backbone of repeat units. However, the degree of intraspecies polymorphism in LPG of Leishmania
infantum (syn. Leishmania chagasi) is not known. In this study, intraspeciﬁc variation in the repeat units
of LPG was evaluated in 16 strains of L. infantum from Brazil, France, Algeria and Tunisia. The structural
polymorphism in the L. infantum LPG repeat units was relatively slight and consisted of three types: type I
does not have side chains; type II has one b-glucose residue that branches off the disaccharide-phosphate
repeat units and type III has up to three glucose residues (oligo-glucosylated). The signiﬁcance of these
modiﬁcations was investigated during in vivo interaction of L. infantum with Lutzomyia longipalpis, and
in vitro interaction of the parasites and respective LPGs with murine macrophages. There were no con-
sequential differences in the parasite densities in sand ﬂy midguts infected with Leishmania strains exhib-
iting type I, II and III LPGs. However, higher nitric oxide production was observed in macrophages
exposed to glucosylated type II LPG.
 2010 Australian Society for Parasitology Inc. Published by Elsevier Ltd.
Open access under the Elsevier OA license.1. Introduction
Visceral leishmaniasis (VL) is caused by Leishmania (Leishmania)
infantum (syn. Leishmania (Leishmania) chagasi) and Leishmania
(Leishmania) donovani. This disease has a broad range of manifesta-
tions from asymptomatic or subclinical infection to acute, subacute
or chronic (Herwaldt, 1999). Lutzomyia longipalpis (Diptera: Psy-
chodidae) is the main vector of VL in Latin America (Grimaldi
et al., 1989). In the Mediterranean Western Basin, VL is mainly
transmitted by Phlebotomus perniciosus (Ready, 2010). Despite
being a rural disease, VL is urbanising as a result of environmental
changes and vector adaptation to human habitats and domestic
reservoirs (Ashford, 2000).
The dominant cell surface glycoconjugate of Leishmania is lipo-
phosphoglycan (LPG), which has been implicated in a wide range of
functions, both in vertebrate and invertebrate hosts. In the verte-
brate host, this virulence factor’s main functions include: attach-
ment and entry into macrophages, modulation of nitric oxideInc. Published by Elsevier Ltd.
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Ope(NO) production (Brittingham and Mosser, 1996), inhibition of pro-
tein kinase C (Giorgione et al., 1996) and induction of neutrophil
extracellular traps (NETs) (Guimarães-Costa et al., 2009). In the
invertebrate host, variations in LPG have been implicated in the
speciﬁcity of different sand ﬂy spp. to Leishmania (Pimenta et al.,
1992, 1994), where attachment of the parasite to a midgut receptor
is a crucial event during the interaction of parasite and vector
(Kamhawi et al., 2004).
LPG structures have already been described for several dermo-
tropic and viscerotropic Leishmania spp. (McConville et al., 1992,
1995; Sacks et al., 1995; Mahoney et al., 1999; Soares et al.,
2002, 2004, 2005). However, there is no available information on
the degree of variability in the LPG structure from Old and
New World strains of L. infantum. Basically, LPGs have a conserved
glycan core region of Gal(a1,6)Gal(a1,3)Galf(b1,3)[Glc(a1)-PO4]-
Man(a1,3)Man(a1,4)-GlcN(a1) linked to a 1-O-alkyl-2-lyso-phos-
phatidylinositol anchor. The salient feature of LPG is another
conserved domain consisting of the Gal(b1,4)Man(a1)-PO4 back-
bone of repeat units (n = 15–30). The distinguishing feature
of LPGs responsible for the polymorphisms among Leishmania
spp. is in the variability of sugar composition and sequence of
branching sugars attached to the repeat units and cap structure
(Turco and Descoteaux, 1992). For example, L. infantum (strainn access under the Elsevier OA license.
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repeat unit galactose (Soares et al., 2002).
Intracellular parasitism by Leishmania and the involvement of
LPG has previously been the subject of investigation (Alexander
et al., 1999; Descoteaux and Turco, 2002). As an example, LPGs
of Leishmania were identiﬁed as potent agonists of Toll-like recep-
tor 2, (TLR2) in human natural killer (NK) cells and murine macro-
phages, triggering the production of TNF-a and IFN-c via a
functional MyD88 adaptor protein. Importantly, the integrity of
the lipid anchor is necessary for activity (Becker et al., 2003; de
Veer et al., 2003). Early studies by Proudfoot et al. (1996) showed
that Leishmania major LPG synergized with IFN-c for the induction
of inducible NO synthase (iNOS) expression in murine macro-
phages in vitro. Also, this regulatory activity of LPG was contained
within the phosphoglycan (PG) moiety. Since the lipid moiety is
conserved, it is still unknown whether intraspeciﬁc variations in
the PG carbohydrate portion will trigger different responses in
the New World L. infantum.
Intraspeciﬁc variation in LPGs is poorly understood. In L. dono-
vani (Sudan) the LPG is devoid of side-chains (Sacks et al., 1995)
whereas the Indian strain possesses 1–2 b-glucose residues in
the repeat units (Mahoney et al., 1999). In L. major, the LV39 strain
has longer poly-galactosylated side-chains, whereas the Friedlin
(FV1) strain has shorter galactosylated side-chains, often capped
with a-arabinose residues (McConville et al., 1992; Dobson et al.,
2003). In Leishmania tropica, intraspeciﬁc LPG variability was
assessed in the Israeli strains L810/L863 and L747, where the pres-
ence of b-galactose residues was a determinant in preventing their
development in Phlebotomus sergenti (Soares et al., 2004). In this
study, we report the intraspeciﬁc LPG variability of L. infantum
(Brazil, Europe and Africa). Those polymorphisms were evaluated
during interaction with L. longipalpis and murine macrophages.2. Materials and methods
2.1. Materials
Materials were obtained as follows: Medium 199 from Gibco
Life Technologies (USA); FCS from Atlanta Biologicals (USA);
AG50W-X12 cation-exchange resin and AG1-X8 anion-exchange
resin from Bio-Rad (Hercules, CA, USA); phenyl-Sepharose CL-4B,
alkaline phosphatase (Escherichia coli) from Sigma.
2.2. Parasites
Leishmania strains are listed in Table 1. Starter cultures of prom-
astigotes were grown in Medium 199 supplemented with 10%
heat-inactivated FCS, penicillin (100 U/ml), streptomycin (50 lg/
ml), 12.5 mM glutamine, 0.1 M adenine, 0.0005% hemin and
40 mM HEPES, pH 7.4 at 25 C (Soares et al., 2002).
2.3. Extraction and puriﬁcation of LPG
LPGs from parasites in the early stationary phase were ex-
tracted in solvent E (H2O/ethanol/diethyl ether/pyridine/NH4OH;
15:15:5:1:0.017). The extract was dried by N2 evaporation, resus-
pended in 0.1 N acetic acid/0.1 M NaCl, and applied to a column
of phenyl-Sepharose (2 ml), equilibrated in the same buffer. LPG
was eluted using solvent E (Orlandi and Turco, 1987).
2.4. Immunoblotting
Puriﬁed LPGs were transferred to nitrocellulose paper. The
membrane was blocked (1 h) in 5% milk in PBS and probed for
1 h with monoclonal antibody (mAb) CA7AE (1:1,000), whichrecognises the unsubstituted Gal(b1,4)Man repeat units (Tolson
et al., 1989). After three 5 min washes in PBS, the membrane was
incubated for 1 h with anti-mouse IgG conjugated with peroxidase
(1:10,000) and the reaction was visualised using luminol.
2.5. Preparation of repeat units
Puriﬁed LPG was subjected to mild acid hydrolysis (0.02 N HCl,
5 min, 100 C) to depolymerise the repeat units and cap structures.
Water-soluble fractions were partitioned using 1-butanol and re-
peat units were desalted by passage through a two-layered column
of AG50W-X12 (H+) over AG1-X8 (acetate) (Mahoney et al., 1999).
2.6. Enzymatic treatments
Phosphorylated repeat units were treated with alkaline phos-
phatase in 15 mM Tris buffer, pH 9.0 (1 U, 16 h, 37 C). Neutral oli-
gosaccharides were treated with E. coli b-galactosidase in 80 mM
Na3PO4, pH 7.3 (4 U, 16 h, 37 C) (Soares et al., 2002).
2.7. Preparation of monosaccharides
The puriﬁed repeat units were subjected to strong acid hydroly-
sis (2 N triﬂuoroacetic acid, 3 h, 100 C). Samples were desalted as
described above and subjected to ﬂuorophore-assisted carbohy-
drate electrophoresis (FACE) and HPLC.
2.8. FACE
For repeat units, samples were ﬂuorescently labelled with
0.05 N ANTS (8-aminonaphthalene-1,3,6-trisulfate) and 1 M cya-
noborohydride (37 C, 16 h). Monosaccharides were ﬂuorescently
labelled with 0.1 M AMAC (2-aminoacridone) in 5% acetic acid
and 1 M cyanoborohydride. Sugars were subjected to FACE and
the gel was visualised by a UV imager (Soares et al., 2004).
2.9. Capillary electrophoresis (CE)
Dephosphorylated repeat units were labelled with 0.02 M APTS
(8-aminopyrene-1,3,6-trisulfonic acid trisodium salt) in 15% acetic
acid in sodium cyanoborohydride buffer and incubated overnight
at 37 C. Samples were run on CE at 25 kV for 20 min under pres-
sure injection of 5 psi (Soares et al., 2004).
2.10. HPLC
Monosaccharides were separated using a DX-500 HPLC (Dionex
Corp., USA) with ED40 electrochemical detection. The samples
were run on a CarboPac PA10 column (4  250 mm) in the pres-
ence of 18 mM NaOH (ﬂow rate 1 mL/min, 2000 psi). Glucose, gal-
actose and mannose (100 lg/mL) were used as controls.
2.11. Puriﬁcation of murine peritoneal macrophages, cell culture and
nitrite measurements
Thioglycollate-elicited peritoneal macrophages were removed
from C57BL/6 mice by peritoneal washing and enriched by plastic
adherence. Cells (5  105 cells/well) were cultured at 37 C in 5%
CO2 in DMEM supplemented with 10% heat-inactivated FCS,
2 mM glutamine, 50 U/mL of penicillin and 50 lg/mL streptomy-
cin. Cultures were kept in 96-well plates, primed with IFN-c
(100 IU/mL) (Kolodziej et al., 2008), incubated with parasites
(10:1) and LPG (0.5 mM) puriﬁed from procyclic Leishmania. Cul-
ture supernatants were collected after 72 h and nitrite concentra-
tions were determined by Griess reaction (Drapier et al., 1988).
Table 1
Strains of Leishmania infantum analysed in this study.
Strains Denomination used in the text Clinical patternc Origin (city/stateb/country)
L. infantum (Leishmania chagasi)a
MHOM/BR/74/PP75d PP75 VL Icatu/BA/Brazil
MHOM/BR/70/BH46 BH46 VL Conselheiro Pena/MG/Brazil
MCAN/BR/89/Ba-262 Ba262 CanL Jacobina/BA/Brazil
MHOM/BR/2001/HP-EMO EMO VL Pancas/ES/Brazil
MHOM/BR/1987/HCO-1 957 VL ND/ES/Brazil
MCAN/BR/99/JP15 JP15 CanL João Pessoa/PB/Brazil
MHOM/BR/1985/GS 640 VL ND/BA/Brazil
MHOM/BR/2003/MMF 2566 VL Cipolândia/MS/Brazil
240 (dog/BR/ND) 240 CanL Belo Horizonte/MG/Brazil
291 (ND/BR/ND) 291 ND Aracaju/SE/Brazil
MCAN/BR/2004/CUR268 268 CanL Belo Horizonte/MG/Brazil
MCAN/BR/2004/CUR269 269 CanL Belo Horizonte/MG/Brazil
MCAN/BR/2003/CUR211 211 CanL Belo Horizonte/MG/Brazil
MCAN/FR/1982/PHAROAH Pharoah CanL ND/France
MHOM/TU/1980/IPT1 IPT1 VL ND/Tunisia
MCAN/AL/1983/LIPA116 LIPA CanL ND/Algeria
Leishmania donovani MHOM/SD/00/1S-2Dd 1S-2D VL ND/Sudan
a The World Health Organization (WHO) code is as follows: host (MHOM, Homo sapiens; MCAN, Canis familiaris)/country/year of isolation/name of strain.
b Brazilian states: MG, Minas Gerais; BA, Bahia; PB, Paraíba; MS, Mato Grosso do Sul; ES, Espírito Santo; SE, Sergipe.
c VL, visceral leishmaniasis; CanL, canine leishmaniasis; ND, not determined.
d Strains of L. infantum (PP75) and L. donovani (1S-2D) were used as controls.
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in the presence of Polimixin B (50 lg/mL).
2.12. Sand ﬂy infections
Lutzomyia longipalpis sand ﬂies were captured in the Lapinha
Cave, municipality of Lagoa Santa in a non-endemic area, Minas
Gerais State, Brazil. The wild-caught sand ﬂies were collected and
fed on 30% sucrose solution for 3–5 days prior to experiments to
ensure maturity for infection with a membrane glass-feeder device
(Pimenta et al., 1992). Heparinised mouse blood (37 C) containing
4  106/mL logarithmic phase promastigotes (strains Ba262, PP75,
BH46, IPT1 and EMO) was offered for 3 h under dark conditions.
Blood engorged ﬂies were separated and maintained at 26 C with
30% sucrose. The sand ﬂies were anesthetised with CO2 and their
midguts dissected on days 2 and 6 p.i. Guts were homogenised in
30 ll PBS and the number of viable promastigotes determined by
counting under a Neubauer improved haemocytometer.
2.13. Statistical analyses
The Shapiro–Wilk test was conducted to test the null hypothe-
sis that the data are sampled from a Gaussian distribution (Shapiro
and Wilk, 1965). The P value (P > 0.05) showed that the data did
not deviate from Gaussian distribution. For this reason, student’s
t test and ANOVA were performed to test equality of population
medians among groups and independent samples. Data were ana-
lysed using GraphPad Prism 4.0 software and P < 0.05 was consid-
ered signiﬁcant.
3. Results
3.1. Puriﬁcation of LPG and characterisation of repeat units
The puriﬁed LPGs from all L. infantum strains (Table 1) were
recognised by the mAb CA7AE. In Fig. 1 (A–D), a representation
including 13 strains is shown. Since the antibody recognises
Gal(b1,4)Man unsubstituted repeat units in LPG, these results indi-
cate at least some of the repeat units are indeed unsubstituted. For
further structural information, the LPGs from all strains weredepolymerised and puriﬁed phosphorylated repeat units were
dephosphorylated with alkaline phosphatase and desalted prior
to FACE analysis. Five selected L. infantum strains (PP75, EMO,
BH46, Ba-262 and 268) showing each type of dephosphorylated re-
peat unit are shown in Fig. 2. Three proﬁles were observed: type I, a
disaccharide (most of the strains); type II, a disaccharide and a tri-
saccharide (control strain PP75) (Soares et al., 2002) (Fig. 2A) and
type III, a disaccharide, trisaccharide, tetrasaccharide and penta-
saccharide (strain BH46) (Fig. 2B). The disaccharide also co-mi-
grated with standard Gal(b1,4)Man from L. donovani (1S-2D)
(Fig. 2A) and was susceptible to b-galactosidase digestion in repre-
sented strain 268 (Fig. 2C), consistent with the basic structure of
Gal(b1,4)Man which is common to all LPGs. In our previous study
(Soares et al., 2002), the trisaccharide (Fig. 2A) of strain PP75 LPG
was susceptible to treatment with b-glucosidase indicating a b-
glucose residue as side-chain.3.2. CE and monosaccharide proﬁles
The proportion of each type of repeat unit from three represen-
tatives of the 16 L. infantum strains was determined by CE (Fig. 3A–
C) and the results conﬁrmed the proﬁles observed in FACE (Fig. 2).
In previously non-studied strains such as BH46, it was necessary to
determine the identity of hexose (Hex) sugar branching-off the
PO4-Gal(b1,4)Man backbone. This was accomplished after strong
acid hydrolysis of the repeat units and FACE analysis of the individ-
ual monosaccharides only for strains bearing types I and III LPGs
(EMO and BH46) (Fig. 4). The gel showed the expected banding
proﬁle for monosaccharides obtained from total acid hydrolysis
of LPG from the L. donovani (1S-2D) control; two co-migrated to-
gether with galactose and mannose standards common to all re-
peat units. The relative proportion of Gal:Man does not appear to
be equal by the FACE, but this is because a high proportion of phos-
phorylated Gal is resistant to strong acid hydrolysis under the con-
ditions used. Background levels of glucose were observed in the L.
infantum strain EMO. It probably originated from the cap or glycan
core during the mild acid hydrolysis in the initial steps of the puri-
ﬁcation of repeat units. However, a more intense glucose band in
strain BH46 indicates that this sugar is presented in their side-
chains.
Fig. 1. Immunoblotting of puriﬁed lipophosphoglycan (LPG) (10 lg per lane) from Leishmania infantum strains probed with the antibody CA7AE (1:1000). Data (A–D) are a
representation of 13 of the 16 strains analysed. Detailed information about the strains is provided in Table 1.
Fig. 2. Fluorophore-assisted carbohydrate electrophoresis (FACE) of lipophosphoglycan (LPG) repeat units. (A) FACE analysis of controls: lane 1, oligoglucose ladder
represented by G2–G5; lane 2, Leishmania donovani (1S-2D); lane 3, L. infantum PP75 strain (Soares et al., 2002). (B) FACE analysis of L. infantum strains: lane 1, oligoglucose
ladder represented by G2–G5; lane 2, L. infantum EMO strain; lane 3, L. infantum BH46 strain; lane 4, L. infantum Ba262 strain. (C) FACE analysis of dephosphorylated repeat
units of L. infantum (strain 268) treated with b-galactosidase: lane 1, oligoglucose ladder represented by G2–G5; lane 2, repeat unit untreated (); lane 3, repeat unit treated
with b-galactosidase (+). Numbers in parentheses represent the types of repeat units: (I) no side chains, disaccharides; (II), side chains with one residue, trisaccharides and
(III), side chains with more than one residue. Man, mannose; Gal, galactose; Glc, glucose; Hex, hexose; Mono, monosaccharides.
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Fig. 3. Capillary electrophoresis (CE) analyses of repeat units. (A) Leishmania infantum (Ba262 strain) (type I); (B) L. infantum (PP75 strain) (type II) and (C) L. infantum (BH46
strain) (type III). MONO, monosaccharides; DI, disaccharides; TRI, trisaccharides; TETRA, tetrasaccharides; PENTA, pentasaccharides. The percentage (%) of each type of repeat
unit is indicated. See Fig. 6 for explanation of types I, II and III.
Fig. 4. Fluorophore-assisted carbohydrate electrophoresis (FACE) of monosaccha-
rides from polymorphic lipophosphoglycan (LPG) repeat units after strong acid
hydrolysis. Lane 1, monosaccharide standards; lane 2, control strain Leishmania
donovani (1S-2D); lane 3, Leishmania infantum (EMO strain) and lane 4, L. infantum
(BH46 strain). Man, mannose; Gal, galactose; Glc, glucose.
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To determine the proportion of sugars comprising the repeats of
LPG, HPLC was performed from only two representatives of the 16
L. infantum strains (Fig. 5). Similar to that observed in Fig. 4, glu-
cose peaks were observed in the strains EMO and BH46. However,
in the BH46 strain, the Glc/Man ratios were higher than in the EMO
strain (0.25 versus 0.13) conﬁrming the presence of higher
amounts of glucose (Fig. 5B and C).
3.4. Generalised structures of the LPGs from L. infantum strains
Collectively, the biochemical analyses of the LPG repeat units of
all L. infantum strains are summarised in Table 2 and depicted in
Fig. 6. The majority of analysed strains possessed LPGs which had
repeat units that were unsubstituted (88%), a characteristic of
other species (i.e., L. donovani 1S-2D that causes VL (Sacks et al.,
1995)). Among the tested strains, we found no others that were
similar to our previously reported L. infantum strain PP75 (Soares
et al., 2002) which possessed mostly unsubstituted Gal-Man re-
peats and some mono-glucosylated Gal-Man repeats. One strain(BH46) was signiﬁcantly glucosylated as side chains in LPG repeats,
containing up to three glucose residues.
Fig. 5. HPLC of monosaccharides. (A) Controls: D-mannose, D-galactose and D-glucose (100 lg/mL). (B) Monosaccharides from repeat units of Leishmania infantum (EMO
strain). (C) Monosaccharides from repeat units of L. infantum (BH46 strain). Man, mannose; Gal, galactose; Glc, glucose.
Table 2
Repeat unit proﬁles of Leishmania infantum lipophosphoglycans (LPG) a.
Strain LPG type Di (%) Tri (%) Tetra (%) Penta (%)
Ba262 1 100 – – –
PP75 2 71 29b – –
BH46 3 23 44c 17c 16c
EMO 1 100 – – –
957 1 100 – – –
JP15 1 100 – – –
640 1 100 – – –
2566 1 100 – – –
240 1 100 – – –
268 1 100 – – –
269 1 100 – – –
211 1 100 – – –
291 1 100 – – –
Pharoah 1 100 – – –
IPT1 1 100 – – –
LIPA 1 100 – – –
Di, disaccharide; Tri, trisaccharide; Tetra, tetrasaccharide; Penta, pentasaccharide.
a Determined using capillary electrophoresis.
b Side chains are composed of glucose residues according to Soares et al. (2002).
c Side chains are composed of glucose residues according to ﬂuorophore-assisted
carbohydrate electrophoresis and HPLC.
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In order to demonstrate the importance of the glucosylation of
LPG repeat units, survival of ﬁve representatives of the 16 L. infan-
tum strains in sand ﬂy vectors and their ability to elicit NO produc-
tion by murine macrophages was determined. In vivo midgut
infections of the sand ﬂies were determined on days 2 and 6. These
timepoints avoid the excretion of the blood meal on day 3, where
non-attached parasites are lost, followed bymidgut re-colonisation
by attached ones. No statistical differences in parasite densities
from any of the L. infantum strains were observed (P > 0.05,
Fig. 7). Upon stimulation with different parasite strains, respective
LPGs and lipopolysaccharide (LPS), higher nitrite production was
observed compared with controls (IFN-c) by murine macrophages
(P < 0.0001) (Fig. 8). There was no difference among live parasites
using ANOVA (P > 0.05). However, when stimulated with puriﬁed
LPGs, there were clear differences among all of the ﬁve strains,
with a trend in the glucosylated types II and III triggering higher
NO production compared with type I (P < 0.0001). However, even
within the Type I group there were statistical differences among
the three strains. For example, nitrite production by Ba262 was
statistically lower than the strains EMO and IPT1 (P < 0.001). The
PP75 strain was the only strain that was statistically different fromall of the others (P < 0.0001). This strain produced high levels of
nitrite, similar to the LPS positive control (P > 0.05). As expected,
Fig. 6. Schematic diagram of different types of lipophosphoglycan (LPG) (I, II and III) from Old and NewWorld Leishmania infantum strains. The structure of the glycan core is
Gal(a1,6)Gal(a1,3)Galf(a1,3)[Glc(a1-PO4)-6]-Man(a1,3)Man(a1,4)GlcN(a1,6) linked to 1-O-alkyl-2-lyso-phosphatidylinositol anchor. The repeat units are 6-Gal(b1,4)-
Man(a1)-PO4. The precise locations of the Glc side chains in the repeat unit domain are not known. See Fig. 1 for explanation of types I, II and III.
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B (not shown). No stimulation was observed in the absence of INF-
c either with parasites or LPG (not shown).
4. Discussion
Leishmania infantum is the causative agent of VL in the Old and
New World and was ﬁrst described by Nicolle in 1908 (Nicolle,
1908). In the New World, L. chagasi was incriminated as the agentFig. 7. Parasite densities in the midgut of Lutzomyia longipalpis artiﬁcially fed with Lei
lipophosphoglycan (LPG) types (I, II and III). 2nd, 2 days post-feeding; 6th, 6 days post-f
types I, II and III.of VL for many years. However, immunological and molecular
studies recognised the two species as the same (Mauricio et al.,
2000). Genetic variability of L. infantum from Europe, Africa, Asia
and South America has been studied using different markers
including multilocus enzyme electrophoresis (MLEE) (Chicharro
et al., 2002; Pratlong et al., 2004; Campino et al., 2006; Kallel
et al., 2008), random ampliﬁed polymorphic DNA (RAPD)
(Zemanová et al., 2004), multilocus microsatellite typing (MLMT)
(Ochsenreither et al., 2006; Kuhls et al., 2007; Seridi et al. 2008a;shmania infantum (strains Ba262, EMO, IPT1, PP75 and BH46) exhibiting different
eeding. Results are representative of two experiments. See Fig. 6 for explanation of
Fig. 8. Nitrite production by C57BL/6 mouse macrophages primed with IFN-c
(100 IU/mL) upon stimulation with live parasites (1:10), lipophosphoglycan (LPG)
(0.5 mM) from Leishmania infantum (strains Ba262, EMO, IPT1, PP75 and BH46)
exhibiting different LPG types (I, II and III) and lipopolysaccharide (LPS) (100 ng/
mL). P < 0.05 is considered signiﬁcant.  indicates ANOVA,  indicates t-test.
Results are representative of three experiments. See Fig. 6 for explanation of types I,
II and III.
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ysis of the ribosomal internal transcribed spacer (ITS) (Kuhls et al.,
2005), multilocus sequence typing (Mauricio et al., 2000) and
restriction fragment length polymorphism (RFLP)-PCR of kineto-
plastic DNA minicircles (kDNAPCR-RFLP (Morales et al., 2001) and
cpb and gp63 genes (cbp- and -gp63PCR-RFLP) (Seridi et al.,
2008b). We believe that this is the ﬁrst study describing the intra-
speciﬁc variability of L. infantum LPG, of which the main polymor-
phisms reside in the side modiﬁcations of the conserved
Gal(b1,4)Man(a1)-PO4 backbone. In this work, the use of biochem-
ical tools to compare different strains of L. infantum has increased
our knowledge of Leishmania variability. Such variations were ex-
plored in the context of their interactions with the New World
sand ﬂy L. longipalpis and murine macrophages.
The LPGs of Leishmania have a conserved glycan core region,
consisting of the structure Gal(a1,6)Gal a1,3)Galf(b1,3)[Glc(a1)-
PO4]Man(a1,3)Man(a1,4)-GlcN(a1). The lipid anchor is also con-
served, characterised by a 1-O-alkyl-2-lyso-phosphatidylinositol
containing either C24 or C26 as the aliphatic substituent (Orlandi
and Turco, 1987). The repeat units and small oligosaccharide caps
exclusively account for the polymorphism among Leishmania LPGs
and have been shown to be the sites for parasite interactions with
their vectors (Pimenta et al., 1992, 1994; Kamhawi et al., 2004).
Leishmania infantum procyclic LPG (strain PP75) has b-glucose res-
idues in approximately one-third of the repeat units, while in the
metacyclic phase a down-regulation of those sugars occurs (Soares
et al., 2002). Glucose residues are commonly present in the side-
chains in Leishmania mexicana, L. tropica and L. donovani (India)
(Ilg et al., 1992; McConville et al., 1995; Mahoney et al., 1999).
On the other hand, L. major (FV1 strain) has galactose and arabi-
nose residues in its LPG (McConville et al., 1992), but not glucose.
In the current study using a panel of 16 L. infantum strains from
Brazil, Africa and Europe, it was observed that the intraspeciﬁc
polymorphism of L. infantum LPG is very low (Fig. 6). Most strains
(88%) analysed either from the New or Old World were devoid ofside chains and considered as type I. The PP75 strain studied pre-
viously had a b-glucose substitution in the side-chain (Soares
et al., 2002) and was considered a type II. Interestingly, the BH46
strain has up to three glucose side chains, a proﬁle not previously
observed in any LPG (type III). Oligo-glucosylation with 1–2 glu-
cose residues side chains in LPG repeat units had been previously
observed in L. donovani from India (Mahoney et al., 1999) and in
the metacyclic forms of L. braziliensis (Soares et al., 2005). Those
b-glucoses residues were suggested to have a role in the interac-
tions of the parasite with the sand ﬂy midgut in Phlebotomus
argentipes, L. longipalpis, Lutzomyia whitmani and Lutzomyia inter-
media (Mahoney et al., 1999; Soares et al., 2002, 2010). In L. major,
b-galactose residues play a crucial role in midgut attachment in
Phlebotomus papatasi (Kamhawi et al., 2004).
Here, we investigated whether variations in the glucose resi-
dues in the LPGs would account for differences during in vivo mid-
gut attachment of ﬁeld captured L. longipalpis and in vitro NO
synthesis by murine macrophages. The in vivo experiments with
sand ﬂies did not show any difference when using L. infantum par-
asites displaying different LPG types. Using different strains of L.
infantum from Brazil and one from Tunisia (IPT1), the parasite den-
sities were high and were probably related to the ability of this
sand ﬂy to carry different species and/or strains. The LPGs from
European and African parasites were indistinguishable from most
of the Brazilian L. infantum strains. The permissive nature of L. long-
ipalpis could be related to its success in establishing the transmis-
sion of L. infantum after its introduction into South America
(Myskova et al., 2007). Considerable discussion about the permis-
siveness of the vector L. longipalpis has been published (Volf and
Myskova, 2007; Volf et al., 2008; Myskova et al., 2007), where mu-
tants of L. major unable to synthetise LPG were able to sustain
infection in this vector. This suggested that LPG was not crucial
for development of those species in this sand ﬂy. Lutzomyia longi-
palpis was susceptible to and sustained infection with a variety
of pathogens from viruses to helminths (reviewed in Soares and
Turco, 2003). However, the LPG of L. infantum was able to bind to
the sand ﬂy midgut as shown previously (Soares et al., 2002). Gen-
eration of LPG mutants in L. infantum may help resolve the appar-
ent discrepancy in the role and importance of LPG during
interaction with L. longipalpis. Although LPG has been shown to
be a crucial molecule for parasite survival and establishment in
the midgut, other molecules may also play a role in this process
such as the proteophosphoglycans (PPGs) (Rogers et al. 2004).
The existence of midgut glycoproteins bearing terminal N-acety-
lgalactosamine in permissive species was also suggested as a puta-
tive parasite ligand (Myskova et al., 2007). Nevertheless, regardless
of the type of LPG, L. longipalpis was able to sustain infection with
all of the L. infantum strains tested.
A similar trend was observed while using live parasites in the
interactionwithmacrophages. Although parasiteswere able to trig-
ger nitrite production in the presence of IFN-c, no difference was
observed with any of the L. infantum strains tested. Similarly, Gantt
et al. (2001) demonstrated the role of O2 and NO in intracellular
killing of the parasite in human and murine macrophages infected
with intracellular L. infantum. Using L. major LPG and synthetic
PGs, Proudfoot et al. (1996) showed that those glycoconjugateswere
able to stimulate NO production when co-stimulated with IFN-c,
and this regulatory effect was dependent on the glycan portion of
LPG. Similarly, our data using IFN-c primed murine macrophages
showed that nitrite production was variable among all strains and
within a group such as LPG type I. Interestingly, higher nitrite pro-
duction was triggered by glucosylated type II LPG compared with
the other strains (types I and III). This is in agreement with previous
observations of Proudfoot et al. (1996), where more complex PG
structures elicited higher NO production in L. major. Since the lipid
moiety is conserved among Leishmania spp. and has agonistic
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the glycanpart is also crucial forNOproduction. Although those pre-
liminarydata indicate a trend in the glucosylated type II andperhaps
type III to elicite higher NO production, a clear correlation between
virulence in LPG structure could not be determined and is probably
strain-speciﬁc. However, the role of other molecules could also be
modulating NO production together with LPG. Based on the LPG
characteristics fromNewandOldWorld L. infantum, ourbiochemical
data is in accordance with molecular data indicating that L. chagasi
and L. infantum are the same species.Acknowledgements
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